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1.  INTRODUCTION

Reducing the adverse impacts of climate change re-
quires both mitigation and adaptation efforts. Indeed,
even if CO2 emissions stabilized at Kyoto levels, the
planet would experience warming for the next 100 yr
(IPCC 2007) and require the implementation of adap-
tive measures. Adger et al. (2004) show how climate
adaptation policy involves estimation of both physical
(from data and scenarios at both global and local
scales) and social vulnerability (from adaptive capacity
based on socio-economic indicators).

Adaptation to climate change is a wide-ranging and
complex issue involving numerous technical and sci-
entific challenges, and requiring effective communica-

tion and knowledge transfer between researchers and
decision makers. This knowledge transfer is needed
to address issues such as the compatibility of spatial
and temporal scales, multidisciplinary and integrated
approaches, language used by researchers in relation
to users of study results, management and integration
of uncertainties, etc. Climate adaptation policy requires
the establishment of timescale and planning horizons.
Recently, according to the IPCC 4th Assessment
Report (IPCC 2007), numerous long-term changes in
climate trends have been observed not only at conti-
nental, but also at regional and ocean-basin scales.
These include changes in annual and seasonal Arctic
temperatures and ice cover, widespread changes in
precipitation amounts, levels of ocean salinity, wind pat-
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terns and extreme weather events including droughts,
heavy precipitation, heat waves and increased intensity
of tropical cyclones. Thus, actions taken to increase
regional and institutional adaptation should be antici-
patory, and be planned so as to minimize costs and
optimize opportunities. The challenge is how to tackle
climate change at the regional level while at the same
time reconciling scientific and management concerns,
and thus integrating theory and practice.

With the aim of addressing these issues, Ouranos
was founded in 2001 thanks to the initiative and partic-
ipation of the Québec government, the Crown Cor-
poration Hydro-Québec and Environment Canada
(with the financial support of Valorisation-Recherche-
Québec). Four universities, already involved at a scien-
tific level, officially joined this initiative in 2004,
namely the Université du Québec à Montréal (UQAM),
McGill University, Université Laval, and the Institut
national de la recherche scientifique (INRS). More
recently, École de technologie supérieure (ÉTS), the
Crown Corporation Manitoba Hydro, Université du
Québec à Rimouski (UQAR) as well as the Crown Cor-
poration Ontario Power generation (OPG) joined the
consortium as affiliated members. The first phase of
Ouranos (2001–2005) concluded with the establish-
ment of a flexible organisation with facilities, computer
resources, financial and human resource contributions
from its members (www.ouranos.ca/), a scientific pro-
gram and a knowledge base of current thinking on cli-
mate-change adaptation (Ouranos 2004, Lemmen et al.
2008). Seen as a critical mass of expertise on applied
climate change science, connecting around 250 scien-
tists and professionals, Ouranos’ mission is to acquire
and develop knowledge on climate change (as well as
on its impact and related socioeconomic and environ-
mental vulnerabilities) in order to inform its members
(mainly Québec governmental decision makers) about
probable climate trends, and to advise them in the for-
mulation, assessment, promotion and implemention of
local and regional adaptation strategies.

This unavoidably involves developing structures for
analysis of multidisciplinary problems (illustrated in
Fig. 1), promoting synergetic work and developing or
optimally applying tools like the Canadian Regional
Climate Model (CRCM; Plummer et al. 2006) or cli-
mate and socio-economic scenarios, required to sup-
port vulnerability and impact assessments and develop
adaptation strategies (V&I&A).

As illustrated in Fig. 2, Ouranos’s scientific pro-
gramme is structured around several major pro-
grammes: (1) arctic populations and ecosystems, (2)
northern resources, (3) public safety and secure infra-
structures, (4) energy supply, (5) water resources,
(6) health, (7) maritime environment and coastal ero-
sion, (8) forestry, agricultural, mining, tourism and
transportation operations, (9) protecting the natural
environment. These programmes address local issues
and answer to the needs expressed by Ouranos mem-
bers and government departments and institutions in
Québec, as well as in other parts of Canada.

By enabling direct links among climate scientist and
experts developing V&I&A activities, Ouranos provides/
creates opportunities for innovative dialogue and facil-
itates knowledge transfer. To illustrate this, below are
presented (1) the structure of a coastal region V&I&A
project and (2) 2 case studies discussing the use of indi-
cators as a potential knowledge translation tool from
science to environmental management practices.

2.  KNOWLEDGE TRANSFER FROM SCIENCE TO
PRACTICE: THE OURANOS APPROACH

One of the greatest challenges regarding knowledge
transfer is the issue of uncertainty. One approach to
cope with the uncertainties regarding future impacts
of climate change to human and natural systems is the
use of climate scenarios (as one component within a
combination of decision-support tools). These repre-
sentations of plausible future climates can help with
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the formation of climate adaptation policies by allow-
ing estimation of potential consequences of anthro-
pogenic climate change (Larrivée & Simonet 2008).
This approach, often called the ‘top-down’ approach,
stems from research and development in climate sce-
narios. Models are then typically used to evaluate
impacts and extrapolated to eventually estimate phys-
ical vulnerabilities at local levels (Dessai & Hulme
2004). However, there are significant challenges asso-
ciated with this approach, in particular regarding the
accumulation of uncertainties, the possibility of non-
linear responses to very high greenhouse gas concen-
trations (IPCC 2007), the difficulty of estimating eco-
nomic and social costs or vulnerabilities (Ambrosi &
Courtois 2004) and the potential lack of participation of
the user-groups. This is why several authors focus on
user-driven research and non-climatic factors, which
can have great influence at regional scales when
added to climate change effects (Kelly & Adger 2000).
Thus, in order to either build—at the local level—a
strong adaptive capacity (or determinants thereof), or
estimate existing or future adaptive capacity, develop-
ers of adaptation policy require data from indicators
based on socio-economic components of the studied
system (Yohe 2000). This ‘bottom-up’ approach is
based on short temporal and local scales and can be

used to develop climate adaptation
policies that enhance coping capac-
ity for both human and natural envi-
ronments (Adger et al. 2005). In its
programs, Ouranos has several pro-
jects that combine top-down and bot-
tom-up approaches. In all cases, the
organisation’s structure and the pro-
jects Ouranos coordinates allow a
2-way transfer of information, data,
results, priorities and research ques-
tions between climate specialists,
impact and adaptation researchers
and user-groups to ensure the eval-
uation of potential impacts that are
most relevant to the interest groups,
and to facilitate mainstreaming of
adaptation solutions both during and
after projects. Right from the start
of a project, brainstorming sessions
bringing together researchers and
concerned institutions help to define
the scientific and management issues
involved with climate-change adap-
tation, thus leading to integrated
research projects. The projects are
designed to combine the develop-
ment of regional climate projec-
tions, the assessment of physical and

human impacts related to climate change and adapta-
tion measures appropriate to stakeholders and interest
groups involved with Ouranos.

Of its various programs, the project addressing
coastal erosion has been one of the most successful.
Fig. 3 illustrates the framework of this project located
along the coastlines of the Gulf of St. Lawrence in east-
ern Québec. Bridging the gaps between the scientist,
the administration and local stakeholders (e.g. munici-
palities etc.), the project is led by a public safety official
who devotes part of his time to the Ouranos consor-
tium. This official is in charge of a Québec government
program on natural hazard risk reduction, and the
incumbent official is well-known for his leadership and
his interests in integration, crisis situation manage-
ment and participatory approaches, as well as for his
knowledge of local-scale human and physical geogra-
phy and his communication skills. The project includes
a ‘climate’ group, a ‘vulnerability’ group and an ‘adap-
tation and users’ group working in parallel and who
have agreed on the research questions to be addressed
and on the added-value tools and scientific information
to be developed. Three-way communication is ensured
through a variety of means, such as face-to-face meet-
ings, brainstorming sessions, surveys, forums and sym-
posiums that take place throughout the project stages
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(from the definition of the project to its conclusion). In
this context, Ouranos can be considered as a boundary
organisation (Cash et al. 2003), targeting the salience,
credibility and legitimacy of the information. Also, by
fostering active, horizontal and vertical multidirec-
tional communication (between experts and decision
makers), making use of both translation (to insure par-
ticipants understand each other)and mediation (through
the establishment of rules of conduct during the pro-
ject), it is ensuring an efficient management of the in-
formation between all participants. From the onset, it
was established that adaptation is occurring in a com-
plex world and for a number of reasons: the need
to deal with a variable and changing climate (rather
than a variable and stable climate), a multi-stakeholder
environment, various spatial and temporal scales of
interest, various levels of jurisdictions, cross-disciplinary
information, and innovation and efficient knowledge
transfer. The project structure helps take these things
into account, maximizing communication while devel-
oping tools as presented in Fig. 4.

The climate group develops or applies tools such as
the CRCM, climate scenarios and historical data trend
analyses, to assess past measures and future proba-
bilistic evolutions of 4 climatic indices (ice cover,
detailed in Senneville & Saucier 2007; freeze-thaw
cycles, detailed in Bernatchez et al. 2008; storminess,
summarized in Savard et al. 2008; and water levels,
detailed in Xu et al. 2006) that have been identified by

the coastal dynamics researchers and local experts
as relevant for coastal erosion processes. The coastal
dynamics group initially used historical trends in
coastal erosion, and used expert judgment to propose
optimistic, average and pessimistic erosion scenarios
for the next 30 yr for 3 pilot areas (a few kilometres of
coastline selected by 3 communities) (Bernatchez et al.
2008). This group then used, for example, outputs from
the climate, adaptation and users groups and from
their own sectorial research to better assess the prob-
able evolution of biophysical vulnerability of the
selected coastline. Although Ouranos eventually plans
to develop and use a fully probabilistic approach, the
tools and results generated by this project are consid-
ered to better orient expert opinions, which are
focussing their effort on establishing which of the 3
coastal erosion hypotheses identified above are more
likely within the next 30 to 50 yr. The adaptation and
user group reassesses potential impacts of the different
coastal erosion scenarios and discusses adaptive
capacity or even mandate-specific adaptation option
studies with the objective of revisiting current prac-
tices in coastal zone management. One advantage of
this project structure is the availability of simple
indices or indicators, facilitating knowledge transfer.
The project enhances adaptive capacity through, for
example, renewed land management rules at the
provincial and municipal level (Mehdi et al. 2005) and
provides a detailed cost-benefit analysis of various
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adaptation solutions for a specific community (Tecsult
2008); and agreement in a number of cases on optimal
adaptation solutions (Savard et al. 2008).

3.  INDICATORS AS A KNOWLEDGE
TRANSLATION TOOL

This section discusses the development and use of
indicators as an interface and knowledge translation
tool by Ouranos. This is illustrated by a more detailed
look at 2 specific case studies addressing (1) the devel-
opment of a set of temperature trend indices for south-
ern Québec, and (2) climate and social indicators
assessing public health risks due to extremely high
temperature events. The 2 case studies serve to illus-
trate how indicators have been developed by Ouranos
following a ‘pressure-state-response’ (PSR) framework
and suggest what the future development for this
could be. The PSR framework states that human activ-
ities exert pressures (e.g. pollution emissions) on the
environment that can induce changes in the state of
the environment (e.g. changes in ambient pollutant
levels, climate characteristics, water flows, etc.). Soci-
ety then responds to changes in pressure or state with
environmental and economic policies and programs
intended to adapt, prevent, reduce or mitigate these
pressures and/or environmental damages.

3.1.  Case study 1: development of climate 
indices for southern Québec

A recent study of Canada’s climate shows significant
changes in temperature and precipitation occurring
during the twentieth century (Vincent & Mekis 2006).
However, because the climate indices used reveal a
high degree of spatial variability, Vincent & Mekis
(2006) conclude that more detailed research is needed
on a regional basis. In 2002, Ouranos launched a his-
torical data study (in collaboration with the Québec
Ministry of Sustainable Development, Environment
and Parks), to examine regional temperature trends
across southern Québec (Yagouti et al. 2008). Conse-
quently, 1960 to 2003 daily minimum and maximum
recorded temperature series at 53 stations were ana-
lysed and homogenised. Homogeneity problems, due
to station relocations and changes in observation pro-
cedures, were addressed using a technique based on
regression models and surrounding stations (Vincent
1998). The technique used to identify inconsistencies/
incongruities was tailored to the regional Québec data
set used (Yagouti et al. 2008). Thus, 106 maximum and
minimum temperature (Tmax and Tmin) series were
homogenized on various temporal scales (daily, monthly,
seasonal and annual). The results of the homogenisa-
tion process show that only 36% of the 106 series were
homogeneous. Amplitudes of the detected inconsisten-
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cies were estimated and corrections were made where
necessary to the non-homogeneous series. At the end
of the process, 52 statistically homogeneous stations
were retained. One station was eliminated because of
the high percentage of missing values and the many
relocations of this station during the time period.

The temperature indices computed from these homo-
genized series were calculated in close collaboration
with Ouranos’ stakeholders, with the aim of providing
a broad overview of the southern Québec climate. The
results show that the surface air temperature has
increased in southern Québec over the period 1960–
2005. The warming is more pronounced in the west-
ern, southern and central parts of the province and the
increasing trends become smaller toward the east. Sig-
nificant annual mean temperature trends range from
0.6 to 1.8°C for 1960–2005. The warming is more evi-
dent during the winter, although several significant
increasing trends were also found during the summer.
The warming is slightly more pronounced in nighttime
than in daytime temperature. The temperature indices
also suggest a decrease in the length of the frost season
(number of consecutive days starting when mean tem-
perature [Tmean] < 0°C for at least 6 consecutive days
and ending when Tmean > 0°C for at least 6 consecu-
tive days, July to June) (Fig. 5a) and an increase in the
length of the growing season (number of consecutive
days starting when Tmean > 5°C for at least 6 consec-
utive days and ending when Tmean < 5°C for at least
6 consecutive days, January to December) (Fig. 5b), an
increase in cooling degree days (sum of degrees when
Tmean > 22°C) (Fig. 5c) and a decrease in heating
degree days (sum of degrees when Tmean < 18°C)
(Fig. 5d) as well as an increase in the number of
freeze–thaw cycles during the winter (Fig. 5e) and a
decrease in the number of freeze–thaw cycles during
the spring (Fig. 5f). Case study 1 improves our under-
standing of the trends and variations in temperature
and precipitation indices in Southern Québec. The
majority of the findings are consistent with those
expected in a warmer climate. The observed warming
appears to have some beneficial impacts for certain
socio-economic activities in Québec, such as a longer
growing season and a shorter frost season. However,
the warming can also have adverse effects on various
industries in Québec, including a shorter tourism sea-
son in the winter and increased energy demand for
cooling buildings in the summer.

3.2.  Case study 2: indicators of risk to public health
from high-temperature events

Vescovi et al. (2005) demonstrate the feasibility and
potential of a risk-assessment approach, as well as

describing the development of public health risk indices
for a regional impact and adaptation climate-change
study applied to heat waves in southern Québec. The
methodology developed for this study was inspired by
the NOAA Coastal Services Center (1999) vulnerabil-
ity assessment tutorial, by the EPA (1998) guidelines
for Ecological Risk Assessment, by Cutter & Scott et al.
(1997) and Schiegg (2000), and by the Tyndall Centre’s
research studies (Adger et al. 2004). Climate variables
and socio-economic parameters were integrated via a
geographic information system (GIS) tool to produce
maps of estimated present and future public health risks.

To characterize current climate hazards, data from
310 Environment Canada stations in southern Québec
were used along with 2 indices:

(1) Mean number of days with Tmax > 30°C, for
weather stations with data for ≥16 years between
1971 and 2000 (272 stations) (Fig. 6a). This index
was interpolated using the natural neighbor method.

(2) Mean number of episodes per year with ≥3 con-
secutive days having Tmax >30°C and Tmin >22°C
(see red dots in Fig. 6a). These were computed from
daily temperature series within the period 1971–2000
for stations with values >2.5 d yr–1 for Index (1) (67
stations).

These indices are based on practical characteriza-
tions of extreme temperature events established by the
Montreal Public Health Board, which recently pro-
posed using an operational definition of ‘extreme high
temperature’ that was based on a daytime high of 30°C
(Tmax) and nighttime low of 22°C (Tmin) for 3 consec-
utive days (Drouin et al. 2005).

To characterize future climate hazards related to po-
tential impacts of extreme heat, climate projections
for 2039–2063 were calculated using the CRCM
V3.6.1, driven by the coupled ocean–atmosphere model
CGCMII, and following the IS92a (IPCC) emissions
scenario for greenhouse gas emissions (see Fig. 6b). The
CRCM performs climatic simulations at a small-scale
resolution (distance between each grid point about
45 km) and for time steps of 15 min. At the time of
this experiment (2004), a single CRCM run projection
using IPCC IS92 emission scenario was available (hori-
zon 2039–2063). Today, in accordance with the latest
IPCC standards, multiple CRCM runs using SRES a2
emission scenarios for the period 1961–2100 are avail-
able, and thus to address climate change projection
uncertainties and climate stochasticity, the approach at
Ouranos is to provide V&I&A experts with scenarios
based on an ensemble of simulations.

Social vulnerability was calculated for Québec through
4 social sub-indices; this data was considered relevant
elsewhere for defining vulnerability to extreme high
temperature events (see Fig. 6c; Vescovi et al. 2005).
These 4 sub-indices are:
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Fig. 5. Trends in 6 temperature indices for 1960–2005. Upwards, downwards pointing triangles: positive and negative trends, re-
spectively (the size of the triangle is proportional to the magnitude of the trend); filled symbols: trends with p < 0.05. °D: degree 

day. From Yagouti et al. (2008)
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(1) Age index: frequency of people aged 65 and over
(2) Poverty index: frequency of low-income earners

(LICO) by Statistics Canada for rural zones, with the
FGT (Foster-Greer-Thorbecke) index by classes of
income in 2000 Canadian dollars

(3) Social isolation index: frequency of single person
households

(4) Education index: frequency of people aged 20
and over with <13 yr of education

A comparison of risk maps for present and future
conditions (Fig. 6d,e) showed that the number of loca-
tions where populations would be at risk due to high
temperature events would dramatically increase in
Québec over the next few decades. Based upon the
assessment of biophysical vulnerability (a concept that
combines physical and human processes; see Füssel
2007) to climate change, this study gives preliminary
input for the Québec public health decision-makers
currently developing a spatially explicit on-line ana-
lytical processing tool using Web-GIS technology to
identify areas potentially vulnerable to climate change.

4.  DISCUSSION AND CONCLUSIONS

By creating Ouranos, Canadian decision makers at
the national and provincial levels confirmed that
V&I&A, in the context of climate change, is a priority.
More than simply supporting an integrated scientific
program, one additional objective is to develop a
structure for analysis of multidisciplinary problems
and to promote synergetic work in the search for
solutions to climate change adaptation issues in a
North American context. By working at a regional
scale and enabling links between various researchers
and decision-makers, Ouranos, an example of a
‘boundary organisation’ (Cash et al. 2003), provides an
opportunity for innovative multidisciplinary, multi-
organisational dialogue and facilitates the main-
streaming of adaptation. Various methodologies are
used by the ‘scientific brokers’ of Ouranos to accom-
plish this, including face to face meetings, brain-
storming sessions, surveys, forums, symposiums and
scientific projects which ideally include a climate, a
vulnerability and an adaptation component working
in parallel to achieve the project objectives. Also,
Ouranos develops or tailors different tools to support
V&I&A analyses, e.g. the CRCM and climate change
scenarios applied for priority issues. Using concrete
examples taken from Ouranos’ ongoing V&I&A pro-
jects in coastal regions, this study demonstrates
Ouranos’ support of the process from scientific
research (some of which is carried out at Ouranos)
through the transfer of this knowledge, to practical
applications.

Among the knowledge transfer tools available, the
development of climate indices and indicators of vul-
nerability is now recognised as being very useful for
assessing positive and negative impacts to global and
regional climate change. The assessment of trends,
processes and warning signals (e.g. extreme tempera-
ture events, precipitation events, sea level rise, etc.)
and the reporting of the efficiency of adaptation strate-
gies tend to lead to the development of indicators. In
each case, the strength of the metric will be its diag-
nostic value in attributing detectable changes to iden-
tifiable forcing factors. Also, credible vulnerability
indicators for climate adaptation policy assessment
that can effectively aid policy development will be de-
veloped only if the causes of climate changes vulnera-
bilities are better understood (Eriksen & Kelly 2007).
Another major challenge is to adequately address
long-term climate change trends with short-term man-
agerial commitments (Corfee-Morlot & Höhne 2003).
In that sense the PSR framework developed by the
Organisation for Economic Cooperation and Develop-
ment (OECD 1993, 2006) is well suited to the climate
change context, since it is designed to increase the
ability of decision makers to cope with and manage a
changing system. The framework is continuing to
evolve and, as stated by Füssel (2007), is one of a num-
ber of tools available to pragmatically assess climate-
change vulnerability and adaptation policies. It should
be noted that in the climate-change context, it is
important to clearly differentiate between pressure
and state indicators. Indeed, when one is looking at the
climate system, greenhouse-gas (GHG) increase is the
pressure factor raising global temperature and affect-
ing precipitation patterns, causing environmental
problems. Conversely, when one is looking at the nat-
ural and/or human systems, climatic changes are the
driving factors causing environmental impacts and
affecting human responses to adapt to a novel situa-
tion. Therefore, the PSR framework needs to be
expanded to deal more specifically with anthropogenic
climate change trends, their impacts, and adaptation
measures. One way to get around the problem is by
distinguishing driving forces on the one hand and
impacts on the other. This has broadened the scope of
the PSR model giving the driving force-state-response
(DSR) framework selected by the United Nations Com-
mission on Sustainable Development (www.un.org/
esa/sustdev/isd.htm) and the driving the driving force-
pressure-state-impact-response (DPSIR) framework
(EEA 1999). Furthermore, Holman et al. (2008) discuss
how the setting of indicators following a DPSIR frame-
work is a basis for regional climate-change assess-
ment. In this case, the outcome of the study is the
development of sophisticated user-interface software
helping stakeholders to cope with regional climate-
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change issues. More recently, Niemeijer & de Groot
(2008) proposed an enhanced and more sophisticated
DPSIR (eDPSIR) framework to tackle the complexities
of the real world by looking at causal networks in
which multiple causal chains interact and inter-con-
nect.

Even though our objective is not as ambitious to the
degree of developing a sophisticated user-interface
software and framework, we believe that climate
indices and indicators of vulnerability (specific and rel-
evant to each of the issues and regions of interest iden-
tified by Ouranos) following a PSR framework are use-
ful knowledge transfer tools, and the use of these
provides an effective regional climate change assess-
ment methodology for Québec. Due to the very high
level of complexity and uncertainty (e.g. due to climate
models and scenarios) we suggest (from our experi-
ence) that another way to look at the question of indi-
cators in a climate-change context is to keep the set of
indicators as simple as possible and to tailor the PSR
framework for specific managerial issues, thus looking
at a context specifically relevant to stakeholders. We
propose a PSR grouping of indices and indicators of cli-
mate-change vulnerability, distinguishing climate and

natural and human systems, as illustrated in Fig. 7. It
should be seen as the first step of a work-in-progress
that, may be a useful reference for additional work
at the provincial level (within Ouranos) on linking
climate change policy and sustainable development
through the use of indicators. In that sense it follows
the rationale of the UN Expert Group on Climate
Change and Sustainable Development assessing the
role of indicators in measuring progress towards sus-
tainable development and climate change (United
Nations Division for Sustainable Development 2008).
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